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# - * & & ifc. - # ft » 0f » *t *I <Hj « # # ft # * # - # # 

# <fL #T # it ft W A ■ # 0f & 4£ f J m # - *L £ it ft it 

# ^ € ' « A 4 - to ^ *t -ft ft ■ # *] - & 0 it © J& ' £ 

& 4fc'frftAi**fe«ilti5*j&*»ttA« H9 t # ft 

*-#*AWHriM-^*^##46 (despread)Jtt it £ tt # ^ * 

0 ■ 



Data is transmitted from a plurality of transmitting antennas and is 
received by a plurality of receiving antennas at a user equipment. At the user 
equipment, a signal is received at each antenna. The received signals comprise 
signals transmitted by each transmitting antenna. Each received antennal 
signal is sampled to produce a combined received signal. An overall channel 
response is estimated comprising a channel response for each transmitting and 
receiving antenna combination. The combined received signal and the overall 
channel response are processed to produce a spread data vector. The spread data 
vector is despread to recover the transmitted data. 
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(1) 

* M ft - *t « l ^ & it «i $ & - ^ i'j # # 

M * ft ffl * 41. * *l *. # * ■ 

a ir a -ar 

Hli^BH^^T^^^A (multiple input multiple output ; 
MIMO)& ft • itm P ± # # * 12jJ. 12 M (12)31 £ * & «ffc 
^ 16 x £ 16 N (16)^1 if IK. »#-^f 12^ 16* & # 

* & 12 > 164* i^rU^i • - # 4t * 10ft ffl*^* # ?>] 

4*. H 1 8 m * * # * ?>J 1 6 # J|t M «l 4 =ft ffi £ * # *■ * * 1 2 
16' ?Pf #| t A (MIMO)& S ■ 

it f ' MIMO # & 4fe H 

A ^ ft ffl £:f*&<';&*&,&*#PM'J#iIfl & * A- «jL it *l 

$ ft t -f i% ft ffl ' & & is it m % it®* & n ft n tff 
ft > # & ft m ± it & n it » t ft * * a t ft # *fr ^ * m 

^ ft ft MIMO j* % * T £ it - 3jt ft * $ # it • & rfh * * 
«|Lii*l*ttW#llt**^*ft*j**llt-fl5ffl*](Lj^ftift. 

#*i£tt*£*ft*££j&ft + 4fc3!,**:ftti&4b - 

B jtb > t*^ ^ W MIMO $ & ■ 

4t i'j ft m % a %t i$ & % - & m 







(2) 




i, «bi _t» w ^ir 
- 






& 3£ ifi & ft to. & m * 


ft & i>J # - 


A * ft St it *f 








■ # s-j * m * ^ m ' * & & 






& M & & & J* to ^ - 


H i il 0 I » 


&m £ 4*. 


15 




-sir 4S is? -A™ l-V e& iw 
3!R Ifi. W Tfl* M. ^g. *£. 


« J. £ - Jt # 


IT * * * • # 








# m # ft * ft 





w £ lis * wl m 

g 2# - # £ MIMO# #H^#^H^ffi>ft,^^K - 
H 3A# - MIMO« H£*^«.J[4^*lt**W ° 



H 3B# MIMO M&^lt¥]--*M$r>&tifofrlZ. it & H ■ 
H 4A# - MIMO« i£ 3Mb & 1 4l 3 - ^*^#^#J • 
S4Bf MIMO^ i£ 3Mb #J 3 -^A^f *^Iti£t@ ° 

1T & ^ ^ 

| 2# - | ft A | | |lj (MIMO)# # H ^ # *t H ft ^ 

fiMb *r & H = f t n 2o^r ffl * - ft ffl 1 1 f ^ - * ^ ^ ' 

' t£ MIMO $ tt*#<»<&ffl - (code division 

multiple access ) CDMA) 2 t ^ & ' *» — ^ * 1£ ^ (frequency 
division duplex ; FDD)/ CDMA - B# £ X (time division duplex ; 
TDD)/ CDMA ic^B#|5]#^^£fti£#r (time division 
synchronous code division multiple access ; TD-SCDMA)S ^ ^ 

- f *f ft * d « # * # # it 20 it « & ft * t ^ * # ft ° 
& * & * ?>J t # *f H 20# Mfc * ^ 34^ 34 M (34) • £ £ 



ftjaft*fr£W£*.4fe ' II M| 1 $. 3 4 

£ £ $ Ji ^ # ' 0 j& £ tfl # & 5'J ffc ^ $ ^ ^ # & ft 

(UE)# *t»»#'**>l>t*.'*t^*4iWTftffl*t^WB*' 

*» -f A? -it ° ft nt <a J5'j # *j ' sim • 

iff 1 2^ ^ • f*-|4#t^ttfli > & M IS *L & 
34# AO # #1" ft * d »T # & - £ 4f ft * « 4| H 26 it *r « 
4§ • n * Q « A W 41 (spreading code) dl C Q t W # - A W 
4* > * & it # # & M # * # ^ A MlB f- $Q <ft t 11- * d,.i J. 
d M>Q 0 ft # SI t #r * 41 *. 4 M-Q ■ A««C,' IJU4 
f *f * d M £ d ffl ,i • Mm t ft & t^l-f lf)« # * - A 

3 4 ft M ifc o 

ft # # # - JL H 4| . $L®-teMtf]JkW$L% 2S l M.2S Q 
(2 8)' *i - % ^ H > ft**|-afc#**#. $ «* # « 4s Jfc ° # 
* ft 15] A & 3 4 U it # * M9 it ft St *fr ^ - fe H 3 0 , £ 3 0 M 
(3 0)' *i - * H ' £ H M m * H*. 3 4 # $ 3 4 m * Hfc M it ' 
Jfc A A M-IS I I f tt ^ f ill ^•lAIII 32i J. 32 M (32) 

ftJlr-tlLfrtfjJkWItftfti Llil & A *■ # ' it # * * 

M it ^ * 3 4 it it & & £ t 4h « 24^ # ** * HQ t #1- i% * ° 
* ffl 2 #f * £ ** & 4fc H -C « & * ft * * #'J # ft Ht - # 

J& b# ^ « ft. ffl "iiitf^T^tM^t#i ■ £ -fc. # M *&■ 
t ' t £ 43 ft ill # it n # b# > T ft ffl » 2 ¥} m %l if 2 2 * 



(4) 



£ # »|£ # 22 j| ' N«&i|fc*4fc36i5.3 6 N t 

«|£ ° * 4 ft ffl & 4*. S W £ it -fb ' ljN^l(|-^t)»N 

* # # * * * * M ° ^ * H 3 8 1 5. 3 8 N (3 8)# 0f * #. M # 
-^tift^i^ili 0 H * & «. 5 40, ji 40 N (40)* «■ 

*r * #- ' «JL£#-**36tt-#ifcfi*r 1 £r M - & <^ 6<j 

«■ ^ ft * r& * Ll £ - 

HH^lftt^fLftA - MIMO* it 4fc & 4 44 • ^ - 
Sfc # (training sequence)^ ft r_* ft ^ - * it # *J & 3t 4 4 ° 

* it # ai st 1 42 # 9ta # - n & *t a # # ^ & & ^ w # it 

* # ^ * ' % mu m b# # m it © & ^ Mic) ° £ « k« 
m# & m % * & & w « *iJtsA#*iit^^iA4£.* ° 



m m & ® m <!$ & $l ^ & ib >% m ° 

#(0) 0 0 0 0 0 0 0 

HQ) H(0) 0 0 0 0 0 0 

HQ.) HQ) H(p) 0 0 0 0 0 

B(L-T} H{L-2) H(L-3) H(0) 0 - 

0 0 ... 0 

0 0 0 - 0 H(L-1) 



f" ^ 1A 



tf(0) 

»0) 



f ^ IB 
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(5) 

m & ft it ® M H# it H MIMO* if f ft f I 44 » MIMO M 

« « flt it a & Jfc 2 « ft « 24it ft * it £ * 'it A ± - A 

H if # ft * s_ ■ #A-tMiSjff#tl46. f 

ft * s_it # * # ' ^#'f t^l^Il^f ^i^f s.,isj 

# « it >* °H & - #F 4s It 1 48 ^ C,I C Q ^ £ - «■ # 

# * & S3 *F ft * sj £ s*/* ' « # ft[ M in * ^ * # 

t # - * #f 36. ^ # # # - * & 6^ jjf # <Li f i JL dM >Q '-mis 1 * 
ft * d - 

* ^ £ W £ it ft • «*-t#*JW# # /# It * & & ^ 

# « # - U Sfc * * # 4f /& 4£ * & ^ 4a Hs ' fii! 
- * 15] 6$ £ #- « Jf J* • # # # 0f # # * # 3 6 , £ 3 6 N & i& 
UW^SAtilfrAS'T^it^ ft « $ ft * * A it 

# # *. # * it * ■ 

W 3A#. MIMO* it # ft & £ 44^ & ^ t & M ' ft W 3B# 
MIMO * it ^ ft # - * * ft * & *3 it #1 H - & »T ft ffl 
MIMO* iE*4b£*#£lfc*|!1t**I ' *» Cholesky^ # 
(Cholesky decomposition)^ i£ ^ Cholesky^ /Sf ^ ^. & * 

it^w^m^r^^^^ & # ft $ * £ 2 £ # • 

h itj (k) > *tk = 0,--,L-l 

* * 2 

H* 9 H® # *t ^ <jl ■ j#. $ j-flH # «■ * & • k# illLi!) 

# * it ^ «r IhJ j& # ft Ut # A 3 4t *f - 
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(6) 



(k) 



* * 3 

# ft & M9 ; if fl- ft * s.# N s -M*£ ft ft * s(k) °N S # # #j 
t*ff ft«itS 0 «l#t^iLtN^i(|N s + L- 2 #) # j|t ft 



#(0) 
KG) 
£T<2) 



#0) 



tf(0) 0 0 

if(i-l) ff(I-2) //(Z-3) 

0 - 0 H{L-\) 



0 0 
0 0 
0 0 



ff(0) 



0 0-0 H(Z-1) - 

0 0 0 0 0 - 0 H(L-l\ 

* * 4 

W J>, # 171 ft * • * * . f ,t5« 

I = H s + w $ * 5 

i% * L ^ w# *. A 4 (N, + L-l)-N - i^iiW^AAN,M' JL H 

#> - (N, + L-l)-N JH. N S -M£E Pft o 

■to % 3,4 m ' H*EI**-i£48lJ*4t * (block circulant) *E 
° 4 T ft M H*E I* £ » it # Jfe m * >f L-lg* # *» SI it 

H*E 1% ' # £] - ^ & ft H*E ' ii m ft M it n tf) ^ ijo n s_ft 

* ' # - # & ft s_ft * ° ^ $ H *E P# ft & # f t ti P AL-1 

* E $L ^H^^a.^fi|#i|. ft H £E * ft ^ 
it * (N, + L-l)-N * (N, + L-l)-M > J. s_ft * %. A (N. + L-l)-M - 

4 ffi & 4l ft - fflDftiN s + L-l > 0 jtb D = N s + L-l ■ JQ N 

* M *. * ft 1"^ f DN^ DMA. Wi^H^^ia « ^ # . 
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(?) 
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* * 6 

F (N) #ffi.-N3fcN**#g4fe&#--E&#jL3t#& 
(Fourier transform) ; F (M) 4£ ffi — M 3(1. M #f B & jff - g 
* # ± * # & ° F (N) ft Ht * * 7* * - 

®# Kronecker^. # # # - ^ I N H'J - N HI N 4£ # £E P£ (identity 
matrix) ° 

F (M) # * & * ^ 8* # - 

* * 8 

I M # - M3fc M<l£ -f *E Pft • 

(block-diagonal matrix) A ( n,m)* # * H *E 

^T^^-#'#«?84--g^#±^#^^i 62# H*E 

P|^-iillTlie'S*#i«il A (N,M) • A (N>M )# # ft 

Ht * * 9 * * • 

•^W, (A WA0 ) = F M (:,i : M) 

* A 9 

diag (N ,M)(A (N , M ))^ A (N ,m)W E * # 3 - (:,1:M)^ 4 t i ^ M 
W * - E ^ # - A (N)M) # ***H*E*tt--*--E#### ' 
& H*E P# »T it 4 - & # * *E ^ • 



- n - 



Wc-,*-^ ^10 

* * 11 

& * ' ***3,12*;fc-fc±x.» # « 8 8 • 

ffi - y& £ «. i 66# S'J y_ = 

* # A(N,M)^ ' * « $ ^ ^ • JL* # ft « RS E J* # & *fe #J 
^ # * 41 *fc * W ^ $ m D * * £ > *r #. g * £ 1 3 & 

# ■ 

^ ^ 13 

A' ( n,m)#- A(n,m) W $ E & ■ li^M^lf ^iy.- Xi 

* * A' ( n,m)# ^ & # 4* ' W f- ^ 13 - ^ * 4 # % £ 
14 it # Cholesky (forward and 
backward substitution) » & ~*T & ffl 7; •}£ ° 

* & 14 

*»*#«Ifc^«iLNWit*^*#JH-^«jLWit* ' *] A'^.m) 

# - j£ ^ *E $ " • JL y_»T $ & # AVm)^. JSL & & • # ^ it * 



(9) _ 

#jN'|Mf^P*Jt# (matrix inversion) tt Cholesky ^ ft £ 4 * 

3ft ■ 

* * 15 

tit m - g^^fif #it i68#fjs.^ % x ism - 
m * & • # H * # # it 4 d # m« # % & m it # a * # 

ffl 4A# MIMO« ijf * 4t * J[ 44B ¥j % - *H * & * afe *] > 
fl& H 4B JWJ # MIMO^ iJt^^W-^AttH 1 ^^!^ * ^ 1 ° 
J& & £ s_ ' ^^^2^^ji|:^JiH H ' £ ^ 3, 1 6 £ ft - 

H a r = Rs+H "w^Rs+n 

* A 16 

(•)"#> * # 1 (conjugate transpose)* # • n * « * ^ W # *l 

&fl&#H#.&;t ' # * 92 ■ # # M - ^ 3i *I (zero forcing) 
ft ' Rfc * $ * * 17*. ft • 

* * 17 

-§c # — ijt. ;Mj ^ Ml (minimum mean square errors JMMSE) 
ft > R«*i|t4f^l84tft ° 

R = H H H + <r 2 I 

$ A 18 

a 2 ^ $ *l ft * w Mi t * Ifc ' <*& /I'J 4 - +£ *E P# ° 




R = 



Ra 


Ri 


Ri 


Ri 






0 


0 


0 


0 


0 


0 


R\ 


Ro 


Ri 


R2 


Ri 




R L-X 


0 


0 


0 


0 


0 


Ri 


R\ 


Ro 


Ri 


Ri 


R-, 




R L-\ 


0 


0 


0 


0 


T>X 

Ri 


Rj 


R? 


Ra 


Rj 


R2 


A3 




R L-1 


0 


0 


0 




Ri 


R2 


Ri 


Ro 


Ri 


Ri 


A3 




R L-1 


0 


0 


R L1 




■of 
A3 


Ri 


Ri 


Ro 


Ri 


Rl 


Ri 




R l-l 


0 


o 






A3 


r? R 

K.1 


Ai 


Ro 


Ri 


Ri 


A3 


R LA 


0 


0 


R f-1 




Sg 


*? 


R? 


R a 


Ri 


R2 


A3 




0 


0 


0 


*w 




Ri 


bS 


R? 


Ro 


Ri 


R2 


A3 


0 


0 


0 


0 


J£ 




R? 


R? 


R? 


Ro 


Ri 


R2 


0 


0 


0 


0 


0 






R? 


Rg 


R? 


Ro 


Ri 


0 


0 


0 


0 


0 


0 






R? 


Rf 


R? 


A0_ 



* & 19 

■to X ft tiL • |L-l#*iJjH<El|t » T # 31 - & i£ * R*E 
NI* # «^ ' R4E * • & 45 & R*E * # 

$ & * DM^ DM ■ 

ftffl**;*R«* ' & 3, 2 0 & & s. • 



& * H H i£ 4# * RiL £ S & # P£ ' Rfe UL ^ 2 1 it fi- 

* «F ■ 

^ £ 21 

A R ( N,M)^ # # R*E I**!*-!***?-**** 22 flf # ' (M i 



diag (M ,M)(A R (M,M))#. A R (M,M)6^J E ^ #3 • JIJ-E*#Jl*# 

A R 

A (M,M) 
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(11) 



f- A 23 

A H (m,n)* # 4* & H H *E l**(j*-|S*4T#i|t^^24*.* 
£ ' («*&ft)-&T<ftJll3-E**r ' # « 96 - 

^ £ 24 

diag (M ,N)(A H ( M,N))if- A H (m,n)6<I S & *f" £ ■ 

ffl - S * # J. * # & * 1 74 * H H *E 60 - g # 4f & # 
B & # Jl * # ^ * * £ A H (M,N) ° 

# ^ £ 2 1 23 ^ X ^ £ 20 > # *I £ 25 ft & * - 



* £ 25 



$■ £ 26 
f A ' * Ht * £ 27*. 



m x » # « 9 8 ° 

(1 f£27 
■ - 76# L & # ® * # £ * 

# & 41 ft x ■ 

% j=. # . ft g £ 28* /If x.. jjf « 100 ■ 



X.*. £ *. i 7 8-ffl A h ( m,n)^ x* ft X. ° 



^ £ 28 



(12) 

-S. # ' ft ijt ^ ^, 29* # z » #«H102 



& ^ A R ( m,m)# - I ^ 1% ' & # & ffi & ^ 60 D & & 

ft £ * A 30^ * ft ^ & 29 • 

(A R ( m,m))'# A R (n,m)^ % ifa & %L "Zif, fi^Mf If i^jf 

* ^ (a r ( m,m))'# m & m m > m (a r (M ,m))'60 - ® * & & n 

((A R (N,M)) i ) H (A R (M , M )) i it H Cholesky^ m&-mfcK^&&ft 

% W # ' ft £ ^ 3, 3 1 & # m H -4 D # - M # g J* & # it 
#3-H#&&*fts_. #«M04° 

- = F( ^ ^^31 
ffl-g&,SL#i3|#&3£5 82#z#i 4r-JSL]£*#4*«fts_ 0 

£ # - ^ * it * & n t > #r # »i ^ & m nr ^ * t 

« # *fr * J* Lm ' * t m = 1 » ... * M - 1ft & M # ft * s_# 
# * Sit ft * ^it & 60 # * 'i£***ftEttft*frWl*a* 



- 16 - 



(13) 



^ ^ 32 

Smj p#- % mm it ft fa ft % jte # # w m ■ 

% & % Jkft it ft ft * fasjntt * -- & ± ' «. & * * 3 3 # # 
ftl # J^*sH-fc*sJKrtt*fri£4r±# • # SI t # 6<j Reordered • 



If « 

^ St 0 1 

m & k 

10 
12 

12, -12 M 

14 

16 

16i-16 N 



^ ^ 33 

tt^lf L»t ^f-r^f ilfr^fe ' «I t #1- * ft 

$ & m & t ft fa m m % 5o& % ~ % ft fa ft ft m # % 

m f ft d° 

* Ml ?'J 

* ?'J 

* 4fc * Ml 
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18 #M 

20 ##if 

22 # i& H 

24 & & £ t ^ © 

26 H^f^^I 

28(28!-28 Q ) &B3i£i 

30(30i-30 M ) #JL^H 

32(32!-32 M ) ?«H 

34(34!-34 M ) Mte(&M)*L& ^ 

3 6(36!-3 6 N ) N#I#*|£^.#. 

38(38!-38 N ) #$8H 
40(40!-40 N ) 

42 # 

44(44A - 44B) MIMO#t it 4fc «. 1 

46 

48 J$4s|ti 

50 /^^Tfr^^^^H • 

60 mfet^f-it^^H 

62 KJ*>»A*#*«.X 

64 g*^fi$#^tl 

66 

68 

70 R&£i£l 

72 

74 
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(15) 

76 
78 

80 z&fc&l 
82 



-19- 



'10U 



93. 1. 13 jfSL 



3^> 

1. - m it n % n 1% ' & & ft • 

& *t i@ ft & * & • & ffl « * - * - & ft ft * ft *. 

m% % & % i£ #j if ft ; 

n & m m m %l %. ' * # *J * « * & « * *. * * M 
^ . « a «■ m ft lit # ts * it ft it e # w ; 

t t « « i > * ^ *J « t t H « ^ f i ^ 

^ - t Jft * « * it « ft "& * 4L - ft ^ if ft & ' * # 
Ifiif I £ i@ #J #tt*ftifctefttt-*'fc0L*fc4f* 

•& if ft : 

- « it i* ti ' * ^ I t t il ^ f f i M ^ ' ffl 
a*£#-ftifcil#Jlt*i*fe^tt--*atEJA ' & £ 
£ - tt « it © it ; 

- ^ ^ 7v £ tB ( multiple input or multiple 
output - MIMO ) i i| $ ft f i ' 

I^1^ii|# m £ % *S ^ ' ffltt*3S1*#fe^ft'Jfcte 
ft A t* ft *g it 13 m ' Kli'lfifftH : a A 

-list! - fflaifttt&Mttffotifeett&tt* 
# m ft 4fc * * if ft # t *4 • 

2. *»f^**IftB*l«^&ffl*«t* ' * t * MIMO M 
it $ it % % & ft ■ 

a # - & % e - «&4ft-#84£* ; 

- $ - H % i# A. ft ft ft It £ ' ffl«A3«fe^ft«lfc 



it % 



« n « & ^ » *t ^ e & # - & % # a it # » 



-4III ' *teffltt#ft4E*A*fe^ft«|fcte % 
tt*B*#:fc*#ft - «ii*AHtttftl4-# 
A ft # ft ; a A 

-£iH|if#tfI > ffl a «■ t* It M f m ft t 

If^f f #f i ' ffl « t # t* & M fttH - #L ft 

«. * - ♦ # * & m # «r ^ ^ v ■ 
it ft m m ' 

5. » * t ta mimo^ 

it # >fb t * a & : 

- * m it 4a M * K & 4 ■ * ffl tt * i it 0 I 1 1 
- # # it to M & ; 

-*-S*#:fcffc#ftlt* ' * 4 a t* # # it 4a M 
^ - i * ft ' a I i - £ Hi I f ^« p| ; 

& & - £ % ft ' «*&-«4ti3j*#a4e* ; 

- $ = i * f i f # i t i ' **3a*te.^ftfcte 

& . a^«te^ft»!fcft*#.e-a*#A-liiift ; 
'^#11 • * * t* * it a ft a & # n t* & & ft 



- 4 S f I ' & &J8«£5.*BlH*ffc4£l*Jlt*ftL^ 

# * ' « i 4 I ri f iff ^ t t - # a f # I ; a a 
-Hti#if#ilf ' % ffl a 4 a M & M f *4 
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9a l.l3^j£ 



1 



10 



1 



-121 



2t 



r , 16m 



-16-1 



18 



MIMO 4J&i£gMfc$Ll 44A 



V (N,M) 



-62 



A(N,M)y = X 



-64 



-66 



m 3A 



STEP 84- 



STEP86- 



ft H & r£ 6<j - E £Mt ftfr - 



if ^ ^ Vf ft ft * X_3Mf - 

% >m if#M^!:.x = F lN ) r 



STEP£ 



STEP $ 



JB^Awi^v, A(rm) y ~ 
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